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impairment in clinical practice is changing rapidly. The iden-
tification of amyloid, the core pathology of Alzheimer’s dis-
ease (AD), has become easier after approval of 18F-labelled 

INTRODUCTION

The evaluation and treatment of individuals with cognitive 
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Objective   This review overviewed the recent paradigm shifts in the diagnosis and management of Alzheimer’s disease (AD), empha-
sizing the 2024 Alzheimer’s Association (AA) revised criteria, advances in cerebrospinal fluid (CSF) and blood-based biomarkers 
(BBMs), and practical considerations for anti-amyloid monoclonal antibody therapy.
Methods   We conducted a narrative appraisal of consensus frameworks (2018 National Institute on Aging–Alzheimer’s Association 
[NIA-AA] amyloid, tau, and neurodegeneration [AT(N)] and the 2024 AA criteria), clinical practice guidance from AA released in 2025, 
regulatory status of CSF and BBMs. Intended-use settings (triage vs. confirmatory) of BBMs and implementation of anti-amyloid anti-
body treatments (lecanemab or donanemab) in real-world practice in Korea were also reviewed.
Results   The 2024 AA criteria define AD biologically and designate A and T as core biomarkers; Core 1 biomarkers can establish AD 
irrespective of symptoms, whereas Core 2 biomarkers refine staging. A two-cutoff BBM strategy (positive/intermediate/negative) reduc-
es misclassification and guides confirmatory CSF/positron emission tomography (PET) or retesting. BBMs now approach CSF/PET ac-
curacy for amyloid detection, enable triage and, in selected settings, confirmation, and show utility for monitoring treatment response. 
Integration of clinical stages (1–6) with biological stages (A–D) clarifies syndrome–pathology discordance. Special scenarios—mainte-
nance after induction, APOE ε4 homozygotes, Down syndrome, and serious mental illness—require individualized risk–benefit assess-
ment. In South Korea, constrained access to tau PET and some BBMs necessitates Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition, Text Revision–anchored evaluation with selective biomarker testing.
Conclusion   Biomarker-oriented diagnosis and anti-amyloid therapies are reshaping AD care. Priorities include rigorous validation of 
BBMs across populations, equitable access to core biomarkers, safety strategies, and real-world evidence to implement maintenance and 
special-population care pathways.	 Psychiatry Investig 2026;23(2):183-200
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tracers for positron emission tomography (PET).1 Biomark-
ers in cerebrospinal fluid (CSF), such as total tau (t-tau), phos-
phorylated tau (p-tau), and amyloid-β42 (Aβ42), are elevated 
in patients with pathologically confirmed AD.2 Blood-based 
biomarkers (BBMs), which were previously considered less 
accurate compared to CSF biomarkers,2 have recently shown 
marked development.3-5 Moreover, anti-amyloid antibody 
treatments, such as lecanemab and donanemab, have been 
approved in many countries since 2023, making the biological 
diagnosis of AD essential in the clinical practice rather than 
optional for research purposes.6 While clinicians previously 
predicted the cause of cognitive impairment based on clinical 
symptoms and manifestations reported by patients or infor-
mants, it is now necessary to identify the underlying patholo-
gy to decide on the optimal treatment. Meanwhile, anti-amy-
loid antibodies as disease modifying treatment can induce 
significant adverse events.7,8 Therefore, clinicians need to be 
more vigilant to patients’ comorbidities and concomitant medi-
cations to minimize the unfavored results.

In this review, we summarized the major changes and clini-
cal implications in the diagnostic criteria of AD, particularly 
in light of the recently revised criteria released in 2024.9 We also 
reviewed the fluid biomarkers (CSF biomarker and BBM) for 
AD that are currently or will soon be available in real-world 
clinical practice. Furthermore, we explored various scenarios 
that may arise when applying anti-amyloid treatment.

MAJOR CHANGES IN DIAGNOSTIC 
CRITERIA FOR AD

Changes in diagnostic criteria for AD–emphasis 
on confirming pathology

The diagnostic criteria for AD have shifted from reliance 
on clinical symptom observation in the 20th century to a bi-
ologically defined framework grounded in neuroimaging 
and fluid biomarkers in the 21st century. Since Alzheimer10 
first identified amyloid plaques and neurofibrillary tangles in 
the postmortem brain tissue of a patient in 1906, the medical 
community has long regarded “AD” and “AD dementia” as 
essentially synonymous concepts.11-17 This was largely be-
cause there had been no means of directly confirming pathol-
ogy in living patients, and diagnosis was possible only after 
typical clinical symptoms appeared at the dementia stage. A 
turning point came with the advancement of PET and CSF 
analyses, which enabled visualization and quantification of 
amyloid and tau pathology in the living brain. These tech-
nologies revealed that AD-related pathological changes begin 
at least 10–20 years before the onset of clinical symptoms.18 
This discovery spurred efforts to distinguish AD from demen-
tia due to AD,19-22 and, with the subsequent demonstration of 

clinical efficacy for anti-amyloid antibody therapies, patho-
logical confirmation has emerged as a central task not only 
in research but also in clinical practice. Consequently, the di-
agnostic paradigm of AD has been shifting its emphasis from 
clinical symptoms to pathological confirmation (Table 1).

Amyloid, tau, and neurodegeneration classification
The National Institute on Aging–Alzheimer’s Association 

(NIA-AA) criteria, released in 2011, explicitly recognized that 
the pathological process of AD begins years before dementia 
symptoms appear.12,15,23 Importantly, biomarkers were incor-
porated into the diagnostic algorithm to facilitate early and 
more accurate detection. These biomarkers included amyloid 
PET imaging, CSF Aβ42, CSF t-tau and p-tau, glucose metab-
olism on fluorodeoxyglucose PET, and characteristic patterns 
of cortical atrophy on structural MRI.15,17 Nevertheless, signifi-
cant barriers to the use of biomarkers in clinical practice in-
clude a lack of standardization, variability in interpretation, 
and limited availability, leading the NIA-AA criteria in 2011 to 
not recommend biomarkers for routine diagnostic purposes.

Building on these advances, the 2018 NIA-AA research 
framework redefined AD as a biological construct, distinct 
from clinical syndromes, by introducing the AT(N) classifica-
tion system.24 Within this model, individuals are categorized 
according to biomarker status for amyloid (A), tau (T), and 
neurodegeneration (N), with each component rated as posi-
tive or negative (A+/A-, T+/T-, N+/N-). A central tenet of 
this framework is that individuals who are both amyloid- 
and tau-positive (A+T+) are classified as having AD, irrespec-
tive of clinical presentation. In contrast, those with amyloid 
positivity but no tau pathology (A+T-) are considered to fall 
within the “Alzheimer’s continuum,” reflecting a biologically 
defined disease process that may or may not yet manifest 
clinically.25 Prior to the 2018 framework, when an individual 
was suspected to have dementia owing to AD based on past 
history and clinical symptoms, 2011 NIA-AA criteria regard-
ed him or her having “probable AD dementia” or “possible 
AD dementia.”15 However, under this framework, the diagno-
sis of AD is reserved only for cases where both amyloid and 
tau biomarkers are confirmed.24 Cases exhibiting typical AD 
clinical symptoms but with unknown biomarker status are 
recommended to be labeled “Alzheimer’s clinical syndrome.” 
This framework is characterized by its emphasis on distin-
guishing between syndromes based on clinical symptoms 
and diseases based on biomarker status. However, this research 
framework was still intended to be used only in research, not 
in routine clinical practice.
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Revised criteria for diagnosis and staging of AD 
by AA in 2024

Background for evolving revised criteria
With anti-amyloid antibody treatment gaining approval in 

multiple countries, starting with the United States and in-
cluding South Korea, the need to standardize the diagnosis 
and staging of AD has grown significantly to ensure smooth 
communication in actual clinical practice. The accuracy of 
BBMs that detect AD-related pathologies, such as amyloid 
and tau, has improved remarkably. This also means that bio-
logically diagnosing AD has become easier compared to ex-
isting methods like PET and CSF biomarkers. As existing 
brain imaging, CSF, and BBMs within the AT(N) category 
have become somewhat interchangeable, the need for up-
dates has been raised.

Major changes in 2024 revised criteria
The 2018 criteria emphasized that they were a “research 

framework” intended solely for research purposes and not 
designed for clinical use.24 However, the 2024 diagnostic cri-
teria are intended for use in actual clinical practice.9 The 
2024 revised criteria defined A and T biomarkers as the “core 

biomarkers” for AD. These are subdivided further into Core 1 
biomarkers, which change early in the disease course, and 
Core 2 biomarkers, which change relatively later. Notably, 
while 2018 criteria required both A and T biomarkers for di-
agnosing AD,24 revised 2024 criteria can diagnose AD using 
Core 1 biomarkers (representing A) alone.9 In revised 2024 
criteria, BBMs were recognized as AD biomarkers, enabling 
improved cost-effectiveness and accessibility in the biological 
diagnosis of AD. Furthermore, as in the 2018 research frame-
work, the 2024 revised criteria clearly distinguished between 
biological stages (A–D) and clinical stages (1–6) to enable inte-
grated use (see sections “Biological staging of AD,” “Clinical 
staging of AD,” and “Integration of biological and clinical 
staging”).

Biomarker categorization–A, T, N, inflammatory/
immune mechanism, vascular brain injury, 
and alpha-synucleinopathy

The previous AT(N) biomarkers in 2018 have been expand-
ed to include the categories of inflammatory/immune mech-
anisms (I), vascular brain injury (V), and alpha-synucleinop-
athy (S) (Table 2). T biomarkers have been further subdivided 
into T1 or T2 since the specific types increase at different stages 

Table 1. Past and present diagnostic criteria for AD

Year Criteria announced by Key features
1984 National Institute of Neurological and  

  Communicative Disorders and Stroke and  
  the Alzheimer’s Disease and Related Disorders  
  Association (NINCDS-ADRDA)16

First standardized diagnostic framework
Based on clinical symptoms
Categories: “Probable,” “Possible,” and “Definite”
Neuropathological confirmation at autopsy

1980–2022 DSM11,13,14 Based on clinical symptoms 
DSM-III: “Alzheimer type dementia”
DSM-5: Broader category of “major neurocognitive disorder” 

2011 NIA-AA12,15,17 First integration of biomarkers : amyloid PET, CSF Aβ42, CSF tau,  
  FDG PET, MRI
Tripartite staging: AD dementia, MCI due to AD, preclinical AD

2018 NIA-AA24 Research framework
Redefined AD as a biological construct, independent of clinical syndromes
AT(N) classification: A (amyloid), T (tau), N (neurodegeneration)

2024 Alzheimer’s Association (AA)9 Designed for clinical application
Introduced Core 1 (early-change) and Core 2 (late-change) biomarkers
Expanded AT(N) with I (immune/inflammatory), V (vascular injury),  
  S (α-synucleinopathy)
Dual staging: Biological (A–D) + Clinical (1–6)
Formal incorporation of blood-based biomarkers

2024 International Working Group (IWG)31 Defines AD as a clinical–biological construct
Diagnosis requires both cognitive impairment and biomarker evidence
Asymptomatic biomarker-positive individuals classified as “at risk” 

AD, Alzheimer’s disease; DSM, Diagnostic and Statistical Manual of Mental Disorders; NIA-AA, National Institute on Aging–Alzheimer’s 
Association; PET, positron emission tomography; CSF, cerebrospinal fluid; Aβ, amyloid beta; FDG, fluorodeoxyglucose; MCI, mild cognitive 
impairment.
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of AD. T1 biomarkers are those that change at a time point simi-
lar to that of early-stage amyloid PET in AD (p-tau217, 181, and 
231). T2 biomarkers are tau that change at a time point similar 
to tau PET, i.e., at a relatively later stage (e.g., microtubule bind-
ing region [MTBR]-tau243).

Core biomarkers represent key indicators of neuropatho-
logical changes in AD, encompassing the A and T categories 
(Table 2). They are subdivided into Core 1 and Core 2 bio-
markers based on the timing of abnormality and intended use.9 
Core 1 biomarkers are those that change at a time point similar 
to early-stage amyloid PET in AD (A, T1, hybrid combina-
tion). Core 2 biomarkers are those that change relatively later 
compared to Core 1 (tau PET and biofluid T2). The detection 
of abnormalities in Core 1 biomarkers allows for a diagnosis of 
AD, irrespective of clinical symptoms. However, not all Core 1 
biomarkers are yet sufficiently accurate for routine clinical use.

Clinical implication of biomarker use
The results of AD biomarker tests should always be inter-

preted within the appropriate clinical context, as current bio-
markers still have important limitations (e.g., lack of validated 
biofluid biomarkers, lower sensitivity and accuracy compared 
to neuropathological confirmation). Although biomarker test-
ing could theoretically allow the diagnosis of AD in asymp-
tomatic individuals, this revised criteria clearly emphasize that 
such testing should not be used for clinical purposes in as-
ymptomatic patients at the present time.9

Coexisting pathologies beyond AD are common, so clinical 

judgment is always required to answer the question: “Can AD 
fully explain this patient’s symptoms?” For instance, if a patient 
presents with Parkinsonian symptoms and hallucinations and 
tests positive for Core 1 biomarkers, the clinician must deter-
mine whether the cognitive decline arises from AD or from 
neuronal synuclein disease.26 In such situations, Core 2 bio-
marker testing can provide valuable clarification. A positive 
Core 2 biomarker result indicates a substantial contribution 
of Alzheimer’s pathology to the clinical picture, whereas a neg-
ative result suggests a limited role. Clinical judgment is equally 
essential when Core 1 biomarker findings do not align with 
the clinical presentation. For example, if the clinical features 
strongly suggest AD but the Core 1 biomarker is negative, 
further testing is required to resolve the inconsistency.

Biological staging of AD
According to the 2024 revised criteria, patients diagnosed 

with AD using Core 1 biomarkers can have their biological 
staging (A–D) determined based on amyloid and tau PET 
results (Table 3).9 Biological staging based on fluid biomark-
ers is currently defined as “conceptual” and is only available 
for research purposes; it cannot be used in clinical practice. 
Revised 2024 criteria workgroup judged that biofluid bio-
markers such as p-tau205, MTBR-tau243, and non-phosphor-
ylated tau (np-tau) fragments as early, intermediate, and ad-
vanced-stage fluid markers required further validation for 
routine clinical use. In South Korea, neither tau PET nor fluid 
biomarkers are currently available for clinical use (only CSF 

Table 2. Categorization of biomarkers in 2024 revised criteria

Biomarker category CSF or plasma analytes Imaging
Core biomarkers

Core 1
A (Aβ proteinopathy) Aβ42 Amyloid PET
T1 (phosphotylated and secreted AD tau) p-tau217, p-tau181, p-tau231

Core 2
T2 (AD tau proteinopathy) MTBR-tau243, other p-tau forms  

  (e.g., p-tau205), non-phosphorylated  
  mid-region tau fragments

Tau PET

Biomarkers of non-specific processes involved in AD pathophysiology
N (injury, dysfunction, or degeneration of neuropil) NfL Anatomic MRI, FDG PET
I (inflammation,  astrocytic activation) GFAP

Biomarkers of non-AD copathology
V (vascular brain injury) Infarction on MRI or CT, WMH
S (α-synuclein) αSyn-SAA  

p-tau231, p-tau205, MTBR-tau243, and non-p-tau fragments have not undergone the same level of validation testing as others. Reproduced 
from Jack et al. Alzheimers Dement 2024;20:5143-5169,9 under the terms of the Creative Commons License (CC BY-NC-ND 4.0). CSF, cere-
brospinal fluid; Aβ, amyloid beta; AD, Alzheimer’s disease; p-tau, phosphorylated tau; MTBR, microtubule-binding region; NfL, neurofila-
ment light chain; GFAP, glial fibrillary acidic protein; αSyn-SAA, alpha-synuclein seed amplification assay; PET, positron emission tomogra-
phy; FDG, fluorodeoxyglucose; WMH, white matter hyperintensity. 
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fluid Core 1 biomarkers are available, see section “Regulatory 
approval status and future direction of CSF biomarkers”), mak-
ing biological stage classification limited.

Clinical staging of AD
Clinical staging of AD is defined as stages 0 through 6 (Ta-

ble 4).9 This is largely consistent with what was first presented 
in the 2018 research framework.24 While similar to the Glob-
al Deterioration Scale,27 this clinical staging differs in that it 
was developed after the concept of disease-specific AD bio-
markers was established. Compared to existing clinical stage 
terminology, subjective cognitive decline28 corresponds to 
stage 2, mild cognitive impairment (MCI)12 to stage 3, and 
mild, moderate, and severe dementia to stages 4, 5, and 6, re-
spectively. Currently, lecanemab is approved for use in pa-
tients with MCI or mild dementia (with confirmed amyloid 
pathology),29 corresponding to clinical stages 3 and 4.

Integration of biological and clinical staging
Patients diagnosed with AD using Core 1 biomarkers can 

be classified by combining their clinical stage (1–6) and bio-
logical stage (A–D). The clinical stage is listed first, followed 
by the biological stage (e.g., stage 2C). As shown in Table 5,9 
the two stages do not always correspond: advanced clinical 
symptoms (e.g., stage 6A) may coexist with an early biological 
stage. This reflects the principle of the revised 2024 criteria 
distinguishing biological pathology from clinical syndrome.9 
More severe clinical symptoms than biological stage suggest 
other pathologies additional to AD, whereas milder symp-
toms relative to biological stage may indicate greater cogni-
tive reserve.30

International Working Group recommendation 
on revised AA criteria

According to the AA criteria, AD is diagnosed based solely 

on biomarker abnormalities.9 In contrast, the International 
Working Group (IWG) conceptualized AD as a “clinical-bio-
logical construct” rather than a merely biological phenome-
non.31 The IWG articulated apprehensions regarding the AA’s 
criteria that label cases as “AD” solely based on biomarker pos-
itivity regardless of symptoms, recommending the diagnosis 
only when biomarker positivity is confirmed alongside cogni-
tive decline. While the AA also advised caution regarding bio-
marker testing in asymptomatic individuals, the IWG places 
even greater emphasis on this point. The diagnosis of AD in 
asymptomatic biomarker-positive individuals could be po-
tentially problematic, as it is unclear when symptoms might 
emerge. Individuals who are cognitively normal yet exhibit bio-
marker positivity may live their entire lives without develop-
ing dementia. The diagnosis of such individuals offers no bene-
fit when considering the social and psychological consequences.

Application of the revised criteria in clinical practice: 
recommendations from the Korean Association 
for Geriatric Psychiatry

The revised 2024 diagnostic criteria from the AA placed 
greater emphasis on the biological definition of AD than pre-
vious versions. This shift reflects the growing accessibility of 
biomarkers and the development of therapies targeting them. 
However, the IWG opposes this biomarker-only framework 
proposed by AA, recommending that the presence of clinical 
symptoms (cognitive impairment) remain essential for the 
diagnosis of AD. Moreover, in real-world clinical practice in 
South Korea, the use of Core 1 or Core 2 biomarkers remains 
limited. PET and CSF tests are costly or invasive, and among 
the Core 2 biomarkers, tau PET and amyloid/tau BBMs are 
currently available only for research purposes. Therefore, at 
present, the Korean Association for Geriatric Psychiatry 
(KAGP) currently recommends that patients with cognitive 
symptoms be evaluated for clinical severity of cognitive de-

Table 3. Biological staging of AD in 2024 revised criteria

 
Initial-stage  

biomarkers (A)
Early-stage  

biomarkers (B)
Intermediate-stage  

biomarkers (C)
Advanced-stage 
 biomarkers (D)

PET Amyloid PET Tau PET medial  
temporal region

Tau PET moderate  
neocortical uptake

Tau PET high  
neocortical uptake

A+T2- A+T2MTL+ A+T2MOD+ A+T2HIGH+

Core 1 fluid CSF Aβ42/40, p-tau181/Aβ42, t-tau/Aβ42, and accurate* Core 1 plasma assays can establish that an individual is
  in biological stage A or higher, but cannot discriminate between PET stages A–D at present.

Staging may be accomplished by (1) a combination of amyloid PET and tau PET or (2) a combination of Core 1 fluid biomarkers (which 
would establish biological stage A or higher) plus tau PET (which would be used to discriminate between stages). The approach to determin-
ing  A+ versus A- with amyloid PET may need special consideration in autosomal dominant AD and Down syndrome AD. Reproduced from 
Jack et al. Alzheimers Dement 2024;20:5143-5169,9 under the terms of the Creative Commons License (CC BY-NC-ND 4.0). *accurate is de-
fined as a minimum accuracy of 90% to detect abnormal amyloid PET in the intended-use population, or, more simply, plasma tests whose 
diagnostic performance is equivalent to that of approved CSF assays. AD, Alzheimer’s disease; PET, positron emission tomography; CSF, 
cerebrospinal fluid; Aβ, amyloid beta; p-tau, phosphorylated tau.
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cline using Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition, Text Revision (DSM-5-TR) criteria,29,32 
with biomarker testing considered only when AD is suspect-
ed as the underlying cause.

FLUID BIOMARKERS FOR AD

CSF biomarker

Comparison with PET biomarker
As well as a PET scan, the CSF test can accurately reflect 

Table 4. Clinical staging of Alzheimer’s disease in 2024 revised criteria

Stage Features
Stage 0. Asymptomatic, deterministic gene* No evidence of clinical change. Biomarkers in normal range. 
Stage 1. Asymptomatic, biomarker evidence only  Performance within expected range on objective cognitive tests. 

No evidence of recent cognitive decline or new symptoms.
Stage 2. Transitional decline: mild detectable  
  change, but minimal impact on daily function  

Normal performance within expected range on objective cognitive tests.  
Decline from previous level of cognitive or neurobehavioral function that represents  
  a change from individual baseline within the past 1 to 3 years, and has been persistent  
  for at least 6 months.  
May be documented by evidence of subtle decline on longitudinal cognitive testing,  
  which may involve memory or other cognitive domains but performance still within  
  normal range.  
May be documented through subjective report of cognitive decline.  
May be documented with recent-onset change in mood, anxiety, motivation  
  not explained by life events.  
Remains fully independent with no or minimal functional impact on ADL

Stage 3. Cognitive impairment with early  
  functional impact

Performance in the impaired/abnormal range on objective cognitive tests.  
Evidence of decline from baseline, documented by the individual’s report or  
  by an observer’s (e.g., study partner) report or by change on longitudinal cognitive  
  testing or neurobehavioral assessments.  
Performs daily life activities independently but cognitive difficulty may result  
  in detectable functional impact on complex ADLs (i.e., may take more time or  
  be less efficient but still can complete—either self-reported or corroborated  
  by an observer).

Stage 4. Dementia with mild functional impairment Progressive cognitive and mild functional impairment on instrumental ADLs,  
  with independence in basic ADLs.

Stage 5. Dementia with moderate functional  
  impairment

Progressive cognitive and moderate functional impairment on basic ADLs requiring  
  assistance.

Stage 6. Dementia with severe functional  
  impairment

Progressive cognitive and functional impairment, and complete dependence for basic  
  ADLs.

Reproduced from Jack et al. Alzheimers Dement 2024;20:5143-5169,9 under the terms of the Creative Commons License (CC BY-NC-ND 
4.0). *individuals with Down syndrome may not be fully independent even in stage 0 because of underlying intellectual disability. In these in-
dividuals, decline in functional independence from baseline may be a more appropriate indicator of stage. ADL, activities of daily living. 

Table 5. Integrated biological and clinical staging

  Stage 0 Clinical stage 1 Clinical stage 2 Clinical stage 3 Clinical stage 4–6
Initial biological stage (A) X 1A 2A 3A 4–6A
Early biological stage (B) X 1B 2B 3B 4–6B
Intermediate biological stage (C) X 1C 2C 3C 4–6C
Advanced biological stage (D) X 1D 2D 3D 4–6D
The typical expected progression trajectory is along the diagonal shaded cells, from 1A to 4–6D. However, considerable individual variability 
exists in the population. Individuals who lie above the diagonal (i.e., worse clinical stage than expected for biological stage) often have greater 
than average comorbid pathology. Individuals who lie below the diagonal (i.e., better clinical stage than expected for biological stage) may 
have exceptional cognitive reserve or resilience. Reproduced from Jack et al. Alzheimers Dement 2024;20:5143-5169,9 under the terms of the 
Creative Commons License (CC BY-NC-ND 4.0).
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the pathology of the brain, including Aβ and tau. As the CSF 
test examines the body fluid surrounding the brain directly, 
it is known to reveal abnormal increases at an earlier stage of 
AD than PET scans.33 The pros and cons of the CSF test 
compared to PET scans are presented in Table 6.

Major CSF biomarkers for diagnosis and staging of AD
Several CSF biomarkers are used for identifying AD-relat-

ed pathology. CSF Aβ42/40 ratio is known to reflect the early 
cerebral amyloid deposit. Aβ42, the isoform of Aβ compris-
ing 42 amino acids, is prone to aggregate more readily than 
Aβ40 and to form Aβ oligomers, fibrils, and neuritic plaques.34 
Aβ40 is the most abundant isoform and is more soluble than 
Aβ42.35 In AD, pathologic Aβ42 remains aggregated in the 
brain parenchyma and not secreted to CSF, probably through 
glymphatic system, resulting in the reduced level of Aβ42 in 
CSF.36 Thus, a decreased CSF Aβ42/40 ratio demonstrates a 
high degree of concordance (over 90%) with amyloid PET 
positivity.34,36,37 

CSF t-tau is the first biomarker reported for tau pathology 
in AD.38 Although the level of CSF t-tau is higher in AD pa-
tients than in healthy controls, it is also increased in other 
neurodegenerative diseases (e.g., frontotemporal dementia, 
dementia with Lewy bodies, and vascular dementia)39 and in 
acute brain injuries that are not clearly related to tauopathy 
(e.g. Creutzfeldt-Jakob disease,40 traumatic brain injury,41 and 
ischemic stroke42). Due to this lack of clarity surrounding t-
tau, which can increase in both AD-related neurodegenera-
tion and non-specific brain damage, the revised criteria from 
the AA did not include t-tau in either T or N categories.9

CSF p-tau is thought to indicate the pathologic form of tau,39 
as hyperphosphorylation results in the aggregation of tau 
and the formation of neurofibrillary tangles.43 Following the 
initial CSF p-tau study was presented in 1995 by Blennow et 
al.,44 CSF p-tau181, tau phosphorylated at threonine 181, has 
been studied extensively for biomarker of AD.45,46 However, 
recent studies reported that p-tau217 is more accurate than 

p-tau181 for AD diagnosis such as amyloid and tau PET posi-
tivity.47,48 Other observational studies identified that CSF p-
tau231 levels increased in the very early stage of AD at a sim-
ilar time to, or faster than, p-tau217.49,50 Although they are tau 
biomarkers, p-tau181, p-tau217, and p-tau231 are observed 
to rise during the early stages of AD, when Aβ begins to de-
posit and amyloid PET scans become positive. Meanwhile, 
CSF p-tau205 is known to increase in later stage of AD, to-
gether with t-tau, when neuronal dysfunction occurs.51,52

MTBR-tau243 is a recently identified CSF biomarker that 
shows an abnormal increase in a late stage of AD and tauop-
athy.53-55 According to Horie et al.,54 CSF p-tau181, p-tau217, 
and p-tau231 levels were associated with amyloid PET rather 
than tau PET, while CSF MTBR-tau243 levels were associat-
ed with tau PET rather than amyloid PET. Similarly, CSF 
MTBR-tau243 was linearly associated with tau PET, while CSF 
p-tau217 exhibited a steep increase during the early Braak 
stage of tau PET, eventually forming a relative plateau.54

CSF np-tau, different from t-tau that includes both np-tau 
and p-tau, serves as a biomarker that represents tau tangle 
formation and neurodegeneration in a later stage of AD.56

Sequence of CSF biomarker abnormality by AD progression
Based on the incorporation of observational studies, CSF 

biomarkers seem to become abnormal in the following se-
quence as AD progresses: CSF Aβ42/40 ratio, p-tau217 (or p-
tau181 or p-tau231), p-tau205, MTBR-tau243, and np-tau.49,50,56 
The former biomarkers represent amyloid pathology, and the 
latter represent tau pathology.

Regulatory approval status and future direction of CSF 
biomarkers

Three hybrid combination biomarkers, including CSF 
Aβ42/40 ratio, t-tau/Aβ42 ratio, and p-tau181/Aβ42 ratio, 
have received regulatory approval from the United States 
Food and Drug Administration (FDA) and European Medi-
cines Agency.50 These are also Core 1 biomarkers in the re-

Table 6. Comparison between CSF test and PET scan

  CSF PET
Cost Relatively low High
Pathology confirmation  
  range

Both amyloid and tau pathology can be assessed  
  with a single test.

A single pathology per scan (amyloid or tau PET)

Invasiveness Yes (requires lumbar puncture) No
Exposure to radiation No Yes
Accessibility The equipment is relatively simple. But a trained  

  practitioner is needed for lumbar puncture.
Specialized personnel, including nuclear medicine  
  specialists, and specialized equipment  
  (PET scanners) are required.

CSF, cerebrospinal fluid; PET, positron emission tomography.
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vised criteria by AA (Table 2). Of those, the Korean Ministry 
of Food and Drug Safety approved Roche’s Elecsys Aβ42 and 
p-tau181 in 2023, and t-tau in 2024.57,58 As anti-amyloid anti-
body therapies are introduced, confirming AD pathology is 
now clinically essential. CSF testing is therefore expected to 
become more common among patients who are burdened by 
PET scans and uncomfortable with radiation exposure. The 
regulatory approval status of CSF and PET biomarkers in Ko-
rea, the United States, Europe, and Japan is presented in Table 7.

BBM

Comparison with PET and CSF biomarker
PET and CSF biomarkers demonstrate high accuracy in de-

tecting brain amyloid or tau pathology. However, PET imag-
ing is costly and requires specialized equipment (PET scan-
ner) for each clinic. CSF biomarker testing requires a lumbar 
puncture, which is invasive. BBMs, on the other hand, do not 
need specialized equipment and are less invasive, making them 
more accessible than PET or CSF biomarkers. Although at-
tempts to detect AD pathology in plasma or serum via con-
ventional technique (such as ELISA or xMAP) showed mixed 
results,2 recent studies presented high accuracy comparable 
to PET or CSF.3,59,60 This development is owing to the intro-
duction of new assay techniques, such as immunoprecipita-
tion mass spectrometry (IP/MS), single molecule array (Simoa), 
electrochemiluminescence immunoassay, and chemilumines-
cent enzyme immunoassay.37,61,62

Major BBMs for diagnosis and staging of AD
Plasma Aβ42/40 ratio can identify the early cerebral amy-

loid deposition, as can the CSF Aβ42/40 ratio. It is known to 

convert abnormal earlier than amyloid PET in the course of 
AD progression.63 However, when comparing amyloid PET 
(+) and (-) cases, CSF Aβ42/40 ratio decreased by approxi-
mately 50%, whereas plasma Aβ42/40 decreased by only 
about 10%–15%.64 This smaller fold change in plasma Aβ42/40 
ratio leads to the relatively lower diagnostic accuracy for con-
firming the presence or absence of cerebral amyloid pathology.

Plasma p-tau217 is a tau isoform that is elevated in the 
presence of early amyloid deposition and can even reflect the 
presence of later tau pathology.9,60,65,66 To date, it is the most 
accurate BBM for detecting amyloid PET positivity.66,67 Unlike 
plasma Aβ42/40 ratio, for which there is only a 10%–15% 
difference between amyloid PET (+) and (-) individuals, p-
tau217 shows a difference of 300%–700%, making it a more 
suitable diagnostic tool for AD.64,68 Like amyloid PET, plasma 
p-tau217 is a strong predictor of progression to MCI in cog-
nitively unimpaired individuals.69 Recent studies indicate that 
the ratio of plasma p-tau217 to np-tau217 (%p-tau217) is 
more accurate than p-tau217 alone, and that the accuracy of 
%p-tau217 is not affected by age, unlike p-tau217.70 Plasma 
%p-tau217 can be equal or even superior to FDA-approved 
CSF biomarkers for detection of amyloid PET positivity.60 
Other studies suggest that plasma p-tau217/Aβ42 ratio may 
be more accurate than p-tau217 alone in detecting amyloid 
pathology.71-73 In light of this high accuracy, plasma p-tau217 is 
considered as a Core 1 biomarker in the revised criteria of AD 
from AA.9 In addition, plasma p-tau217 has potential to reflect 
later tau pathology and cognitive impairment.74,75 This indi-
cates that plasma p-tau217 could be used as a staging bio-
marker of AD.

Plasma p-tau181 is a biomarker that has been studied ear-
lier than other biomarkers, as well as CSF p-tau181. It has dem-

Table 7. Regulatory approval status of CSF or PET biomarkers for Alzheimer's disease diagnosis

Biomarker Brand name (manufacturer) Type
Regulatory approval status

Korea MFDS U.S. FDA EMA Japan PMDA
Florbetapir Amyvid (Eli Lilly) Amyloid PET X O O O
Flutemetamol Vizamil (GE HealthCare) Amyloid PET O O O O
Florbetaben Neuraceq (Life Molecular Imaging) Amyloid PET O O O O
Florapronol Alzavue (Futurechem) Amyloid PET O X X X
Flortaucipir Tauvid (Eli Lilly) Tau PET X O O O
p-tau181/Aβ42 Elecsys (Roche) CSF O O O O
t-tau/Aβ42 Elecsys (Roche) CSF O O O X
Aβ42/40 Lumipulse (Fujirebio) CSF X O O O
p-tau181 Lumipulse (Fujirebio) CSF X X O O
t-tau Lumipulse (Fujirebio) CSF X X O O
CSF, cerebrospinal fluid; PET, positron emission tomography; MFDS, Ministry of Food and Drug Safety; FDA, Food and Drug Administra-
tion; EMA, European Medicines Agency; PMDA, Pharmaceuticals and Medical Devices Agency; p-tau, phosphorylated tau; Aβ, amyloid 
beta; t-tau, total tau.
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onstrated high accuracy in detecting amyloid and tau pathol-
ogy.76 However, compared with plasma p-tau217, plasma p-
tau181’s accuracy to detect amyloid PET positivity is lower.67 
Plasma p-tau231 is known to be elevated in the early stage of 
amyloid deposition.65,77 After increasing in the early stage, it 
remains at a plateau in the later stage of AD.78

Plasma p-tau205 and endogenous MTBR-tau243 (eMT-
BR-tau243) reflect tau pathology in the later stage of AD.65,79 
Especially, a recent study demonstrated that plasma eMTBR-
tau243 showed strong association with tau PET uptake rather 
than amyloid PET uptake, outperforming other plasma tau 
biomarkers including p-tau217.80 Plasma p-tau205 and eM-
TBR-tau243 are Core 2 biomarkers which can be used to rep-
resent AD-related tauopathy.9

Neurofilament light chain (NfL) is a subunit of axonal neu-
rofilament which is released into CSF or blood during neu-
rodegeneration or axonal injury. As a “N (neurodegenera-
tion)” biomarker in the revised criteria for AD,9 increased 
plasma NfL can predict future cognitive decline or hippocam-
pal atrophy.81 Plasma NfL increases not only in AD but also 
in other CNS-related diseases such as frontotemporal demen-
tia, vascular dementia, HIV-associated dementia, amyotrophic 
lateral sclerosis, Creutzfeldt-Jakob disease, and parkinsonian 
disorders.82,83

Glial fibrillary acidic protein (GFAP) is a component of the 
cytoskeleton in astrocytes. Plasma GFAP is an indicator of 
the degree of neuroinflammation since the number and size 
of astrocytes increase due to inflammatory or immune re-
sponses. GFAP is an “I (inflammation)” marker in the revised 

criteria for AD.9 It does not increase specifically in Alzheim-
er’s pathology and, like NfL, also increases in other degenera-
tive brain diseases such as frontotemporal dementia or Lewy 
body dementia.82

Two cut-off approach using BBMs
When using a single cut-off value to determine amyloid 

positivity via BBM, some patients will have BBM levels close 
to the threshold. Since measurements may vary slightly be-
tween repeat tests for the same patient, if a measurement is 
near the cut-off threshold, the result could change if repeat 
testing is performed. To minimize the risk of false positive or 
false negative results, Global CEO Initiative on Alzheimer’s 
Disease BBM workgroup recommended using two cut-off 
approach to classify BBM tests into three categories: positive, 
intermediate, and negative (Figure 1).3,4,84 Patients with a “posi-
tive” BBM result are interpreted as having amyloid pathology, 
while those with a “negative” result are interpreted as having 
no amyloid pathology. Patients with an “intermediate” BBM 
result may consider confirmatory amyloid PET or CSF test-
ing, or repeat BBM testing after 1 year.4 When using two cut-
off approach, the BBM workgroup recommended that the 
BBM should be accurate enough to minimize the number of 
individuals with an “intermediate” result to no more than 
15%–20% of the entire test population.

Application of BBMs in real-world clinical settings
BBMs can be used as a triage test to determine the presence 

or absence of amyloid pathology and to screen candidates for 

Patients with 
cognitive symptoms

BBM test Likelihood of 
amyloid positivity 

on PET scan
Positive

Confirm amyloid 
pathology

Intermediate
Consider confirmatory 
test (CSF or PET) or 

1-year follow-up

Negative
Exclude amyloid 

pathology

100%

0%

High cut-off

Low cut-off

Interpretation

Figure 1. The two cut-off approach to using blood-based biomarker (BBM) to identify amyloid pathology. The two-cut-off approach catego-
rises BBM test results into three groups. A positive result (high probability) confirms amyloid pathology, while a negative result (low probabil-
ity) rules it out. In intermediate cases, consider an amyloid positron emission tomography (PET) or cerebrospinal fluid (CSF)  scan as a 
confirmatory test. If not urgent, consider retesting the BBM in 1 year. Intermediate cases should account for no more than 15%–20% of 
cases and be accurate enough to be utilised as a BBM. Reproduced from Brum et al. Nat Aging 2023;3:1079-1090,84 under the terms of the 
Creative Commons License (CC BY-NC-ND 4.0).
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anti-amyloid antibody treatment.3,5 As a triage test, the BBM 
test can produce two results: a negative result rules out AD 
pathology with high probability, while a positive result must 
be confirmed by amyloid PET or CSF tests.5 Patients with cog-
nitive symptoms can undergo a clinical evaluation, including 
a physical examination, history taking, and neuropsychologi-
cal testing. If AD is suspected as a result of the initial assess-
ment, BBM testing alongside a brain MRI or CT scan can be 
further assessed. BBM test results require CSF or PET tests to 
confirm amyloid pathology. If amyloid pathology is con-
firmed, anti-amyloid antibody treatment may be considered.3 
The BBM Workgroup organized by the Global CEO Initia-
tive on AD recommended that, in secondary care, BBM tests 
need to be conducted under the following conditions: objec-
tive cognitive impairment, suspected AD pathology after com-
prehensive assessment, and expected improvement in man-
agement of cognitive impairment.4 In primary care, since 
younger patients in primary care usually have a low chance 
of amyloid pathology, this BBM Workgroup recommended 
using BBM as a triage test in primary care only for those who 
are 55 years old or older.4 The Alzheimer’s Association Clini-
cal Practice Guideline similarly recommended the use of BBM 
only when knowing whether AD pathology is useful for 
shared decision making with the patient in secondary care or 
specialized memory clinic where memory disorder special-
ists are involved.5

BBMs can be used as a confirmatory test in which a nega-
tive result excludes amyloid pathology, and a positive result 
confirms AD pathology without the need for further confir-
matory tests. After physical examination, history taking, and 
neuropsychological testing in patients with cognitive symp-
toms, a confirmatory BBM test is available if AD is suspected. 
When amyloid pathology is confirmed by BBM, anti-amy-
loid antibody treatment can be considered.3 The recommen-
dation from the BBM Workgroup organized by the Global 
CEO Initiative on a confirmatory BBM test in a secondary 
care is same as a triage test.4 In primary care, this BBM Work-
group recommended use of BBM for confirming amyloid 
pathology for those aged 65 or older.4 The Alzheimer’s Asso-
ciation Clinical Practice Guideline did not distinguish be-
tween confirmatory and triage tests in terms of clinical use 
recommendations. Regardless of its purpose (triage or confir-
mation), BBM may be inappropriate if knowing whether AD 
pathology is present would be of little utility.5 This utility of 
the test could be either patient preference, diagnostic or prog-
nostic value, or the treatment decision-making. The Alzheim-
er’s Association Clinical Practice Guideline only focused on 
secondary care settings, due to need for gathering further ev-
idence in primary care.5

BBMs can also be used to monitor treatment response of 

anti-amyloid antibody treatment. Lecanemab elevated plas-
ma Aβ42/40 ratio and reduced p-tau181 and GFAP in phase 
3 clinical trials.7 Donanemab reduced plasma p-tau217.8 Af-
ter successfully reducing amyloid with antibody therapy, pe-
riodic BBM scans can be used to determine if amyloid pathol-
ogy is re-accumulating, and then discuss whether to restart 
antibody therapy.

Required accuracy of BBM for detecting amyloid pathology
According to the revised diagnostic criteria by the AA in 

2024, an “accurate” BBM eligible for inclusion in Core 1 bio-
markers must have an amyloid PET positive detection accura-
cy of 90% or higher in intended-use population, which is 
equivalent to CSF biomarkers.9 Accuracy is defined as (true 
positive+true negative)/(true positive+true negative+false 
positive+false negative) at a given threshold or cut-off. 

In July 2024, the BBM Workgroup by the Global CEO Ini-
tiative on AD recommended that the minimum performance 
of a triage BBM test should be a sensitivity of 90% and a speci-
ficity of 85% in primary care, and 75%–85% in secondary 
care. As a confirmatory test, the BBM test should have sensi-
tivity and specificity of at least 90%.4

In the Alzheimer’s Association Clinical Practice Guideline 
revealed in July 2025, the performance of BBM detecting am-
yloid pathology should be at least 90% sensitivity and a 75% 
specificity to be used as a triage test.5 This is intended for limit-
ed use in specialized memory clinics, where the prevalence 
of amyloid-positive patients is expected to be higher than in 
primary care settings. To perform as a confirmatory test, the 
BBM test requires a minimum sensitivity and specificity of 
both 90%.5 The BBM tests that currently meet the criteria are 
listed in Table 8.

Regulatory approval status of BBMs
In May 2025, FDA cleared the Lumipulse G p-tau217/Aβ42 

Plasma Ratio with two cut-off approach as the first in vitro 
diagnostic device to aid the diagnosis of AD.85 Additionally, 
various BBMs are under FDA’s Breakthrough Device Pro-
gram, which can accelerate the approval process (Table 9).86 
Currently, BBM is being used in clinical trials for monitoring 
the response of anti-amyloid antibody treatments such as 
lecanemab, donanemab, and trontinemab.7,8,87 Beyond those 
listed in Table 9, BBMs meeting criteria suggested by the Al-
zheimer’s Association Clinical Practice Guideline or the Glob-
al CEO Initiative could be used in future clinical trials. The 
revised diagnostic criteria in 2024 stated that amyloid PET de-
tection with an accuracy of 90% or higher can be used for 
AD diagnosis and biological stage assignment.9
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SPECIAL CONSIDERATIONS

Our previous guideline publication addressed the funda-
mental principles of patient selection for anti-amyloid anti-
body therapy, including inclusion and exclusion criteria and 
major comorbidities relevant to amyloid-related imaging ab-
normalities (ARIA) monitoring.29 Those recommendations 
remain essential for routine practice. In the present review, 
we extend this framework by exploring issues that were only 
briefly mentioned or not sufficiently elaborated previously, 
such as long-term maintenance strategies, genotype-specific 
dosing, and the nuanced challenges faced by individuals with 
Down syndrome or serious mental illness. Drawing upon 
the Practical Guide of the KAGP to Anti-Amyloid Monoclo-
nal Antibody Therapy for Alzheimer’s Disease (2025) and 
newly available clinical evidence, we aim to provide a more 
detailed discussion of these special considerations and to 
highlight additional dilemmas likely to emerge in real-world 
settings.

Long-term maintenance therapy after 18 months
In phase 2 study 201 and its open-label extension, 18 months 

of lecanemab treatment led to robust reductions in amyloid 
PET burden. When treatment was discontinued, however, 
amyloid re-accumulated, with approximately 21% of the re-
duction lost by 24 months.88 These findings indicate that while 
lecanemab is highly effective at reducing amyloid, continu-
ous dosing is likely required to sustain low amyloid levels. 

Pharmacokinetic and pharmacodynamic modeling based 
on the extension data further suggested that monthly intra-
venous dosing could maintain these reductions after the in-
duction phase. On January 2025, the U.S. FDA approved a 
maintenance regimen of intravenous infusion once every 4 
weeks for patients completing the 18-month biweekly course.89 
Thus, both every 2 weeks and every 4 weeks of intravenous 
dosing are now considered viable options for maintenance 
therapy, with local regulatory review expected in South Korea. 

Moreover, the U.S. FDA approved weekly subcutaneous dos-
ing for maintenance treatment in August 2025.90 Regarding 
that a weekly subcutaneous dosing as an initial treatment is 
in the course of approval review after being granted fast track 
status,91 more convenient methods will be available in the 
near future.

For comparison, donanemab followed a different mainte-
nance strategy. In the TRAILBLAZER-ALZ 2 trial, donanem-
ab was administered every 4 weeks, and patients underwent 
amyloid PET every 6 months. When plaques were reduced to 
minimal levels, treatment was switched to placebo, reflecting 
that its therapeutic target is amyloid plaque itself.8 The FDA 
similarly advises that donanemab may be discontinued in 
practice once amyloid PET confirms clearance, with biomark-
ers such as blood-based measures used to monitor for re-ac-
cumulation. Together, these findings illustrate two distinct 
approaches: lecanemab considering continuous maintenance 
to prevent rebound, and donanemab adopting a biomarker-
driven discontinuation paradigm.

APOE ε4 homozygotes and dosing strategies
APOE ε4 homozygotes are known to have a markedly ele-

vated risk of ARIA compared with noncarriers, a fact consis-
tently demonstrated across anti-amyloid antibody trials.92 
Accordingly, although various dosing strategies have been 
considered to mitigate this risk, no definitive guideline has 
yet been established. 

The TRAILBLAZER-ALZ 6 randomized trial tested a 
modified titration schedule of donanemab against the stan-
dard regimen. Patients in the titration group experienced sig-
nificantly fewer ARIA-E events (15.6% vs. 24.2%), and radio-
graphic severity was lower, while amyloid reduction and 
overall safety outcomes remained comparable between the 
groups.93 Although the published report did not provide de-
tailed subgroup analyses for APOE ε4 homozygotes, earlier 
observations suggest that this population may derive particu-
lar benefit from titration. Nevertheless, in the absence of de-

Table 8. Blood-based biomarker tests that met requirements for the Alzheimer’s Association Clinical Practice Guideline in specialized mem-
ory clinic (secondary care)

Triaging test Confirmatory test
%p-tau217 IP-MS WashU %p-tau217 IP-MS WashU
%p-tau217 IP-MS PrecivityTM, C2N Diagnostics p-tau217 Immunoassay Lumipulse, Fujirebio
p-tau217 IP-MS PrecivityTM, C2N Diagnostics 
p-tau217 Immunoassay Lumipulse, Fujirebio
Aβ42/40 Immunoassay HISCL, Sysmex  

The data was accessed on September 9, 2025. The results may change based on the systematic review which will be updated at https://app.
magicapp.org/#/guideline/nyO1Yj. This review is being conducted by the Alzheimer’s Association Clinical Practice Guideline.5 %p-tau217, 
phosphorylated tau 217 to non-phosphorylated tau 217 ratio; IP-MS, immunoprecipitation mass spectrometry; WashU, Washington Univer-
sity; Aβ, amyloid beta.

https://app.magicapp.org/#/guideline/nyO1Yj
https://app.magicapp.org/#/guideline/nyO1Yj
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finitive trial data, it remains uncertain whether modified 
dosing strategies reliably mitigate the excess risk in ε4 homo-
zygotes. 

For lecanemab, recent appropriate use recommendations 
and updated safety analyses have underscored the increased 
risk of ARIA in APOE ε4 homozygotes, but no titration-based 
dosing strategies have been proposed to date.92,94 Ongoing pre-
vention trials such as AHEAD 3-45 are exploring alternative 
dosing regimens, including lower or less frequent administra-
tion in cognitively unimpaired individuals, but these studies 
are not specifically designed to establish genotype-based titra-
tion strategies.95 Due to the emergence of ARIA in the early 
treatment phase, the U.S. FDA recently (in August 2025) rec-
ommended an additional MRI monitoring before 3rd IV in-
fusion, whereas the pre-existing recommendation was for 
MRI scans before 5th, 7th, and 14th infusions.96 Future studies 
will find the risk factors of ARIA and the impact of dose ad-
justment in this high-risk group.

Down syndrome: at risk of being overlooked in 
treatment planning

The vast majority of individuals with Down syndrome de-
velop amyloid pathology by mid-adulthood, and AD typically 
manifests at an earlier age compared with sporadic cases.97 
Comorbidities such as vascular risk factors, epilepsy, and au-
toimmune conditions are also more prevalent, complicating 
both diagnosis and therapeutic decision-making.98,99

Despite this elevated risk, people with Down syndrome 
have been almost universally excluded from clinical trials of 
disease-modifying therapies for AD. As a result, there is little 
direct evidence on the safety or efficacy of monoclonal anti-
bodies in this population. Concerns about heightened vul-
nerability to adverse effects, including ARIA or infusion-re-
lated reaction, must therefore be balanced against the ethical 
imperative to provide access to potentially disease-modifying 
treatment. 

Systemic barriers and diagnostic overshadowing can fur-
ther limit access to care. Intellectual disability and psychiatric 
comorbidities may delay recognition of dementia symptoms, 
leading to missed opportunities for timely diagnosis and in-
tervention. These challenges underscore the need for tailored 
screening and treatment guidelines and dedicated research 
efforts. In the meantime, clinicians should adopt a cautious, 
individualized approach, emphasizing shared decision-mak-
ing with families and caregivers.

Serious mental illness: challenges in treatment access 
and decision-making

Patients with serious mental illness, such as schizophrenia 
and bipolar disorder, pose unique challenges when consider-

ing anti-amyloid antibody treatment. While many individu-
als remain clinically stable for extended periods, episodes of 
symptom exacerbation can impair judgment and decision-
making capacity, complicating both the recognition of cogni-
tive decline and adherence to treatment protocols. In routine 
clinical settings, these issues may not be readily apparent, as 
psychiatry lacks objective laboratory markers for disease ac-
tivity. Close collaboration with psychiatrists is therefore es-
sential to ensure accurate assessment of mental status, evaluate 
treatment readiness, and anticipate fluctuations in capacity 
over time.

People with severe psychiatric disorders have also been 
disproportionately excluded from AD clinical trials, leading 
to a paucity of evidence on the safety and efficacy of mono-
clonal antibodies in this population. This exclusion may in-
advertently reinforce disparities, particularly given the ele-
vated burden of vascular and metabolic comorbidities that 
already increase dementia risk in these patients.100 From an 
ethical perspective, clinicians face a dual challenge. On one 
hand, there are legitimate concerns regarding patients’ ability 
to provide ongoing informed consent, maintain adherence, 
and tolerate adverse events such as ARIA or infusion-related 
reactions. On the other hand, excluding patients solely be-
cause of a psychiatric diagnosis risks deepening existing in-
equities in care, particularly when individuals retain clear 
decision-making capacity. In such cases, opportunities for 
disease-modifying therapy should not be denied automati-
cally but instead considered through individualized assess-
ment and shared decision-making, with active involvement 
of caregivers and psychiatrists. 

Other uncertainties: clinical dilemmas likely to arise 
in clinical practice

Despite accumulating trial data, several important clinical 
dilemmas remain insufficiently addressed by current guide-
lines. These scenarios were rarely represented in clinical stud-
ies, where exclusion criteria limited the inclusion of medical-
ly complex patients, but they are almost certain to emerge in 
real-world practice. 

One such situation involves the new diagnosis of malig-
nancy during anti-amyloid antibody therapy. In the absence 
of trial evidence, oncologic treatment is generally prioritized, 
with antibody therapy suspended while systemic disease is 
addressed. While this pragmatic approach avoids competing 
toxicities, there is no clear evidence on whether and when 
therapy can be safely restarted. In addition, many cancer ther-
apies can alter hematopoietic function or increase bleeding 
risk, which may further compound the potential for ARIA-
H. The growing use of immuno-oncologic agents also raises 
the possibility of unforeseen pharmacologic or immunologic 
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interactions, an area where virtually no data currently exist. 
Acute vascular events raise even more urgent challenges. 

In myocardial infarction or ischemic stroke, reperfusion ther-
apies such as percutaneous coronary intervention, anticoag-
ulation, thrombolysis, or endovascular procedures must be 
initiated without delay, given the critical importance of time 
to treatment. One published case has documented fatal in-
tracerebral hemorrhage in a patient on lecanemab who re-
ceived thrombolytic agent for stroke, illustrating the risk.101 
Yet emergent reperfusion therapy cannot be withheld in gold-
en-time emergencies, leaving clinicians in unavoidable di-
lemmas. Similar concerns extend to atrial fibrillation newly 
diagnosed during lecanemab therapy, where the need for an-
ticoagulation conflicts with current recommendations to avoid 
therapeutic anticoagulation in patients receiving anti-amy-
loid antibodies. A recent case report described management 
of such a situation through left atrial appendage closure as an 
alternative to long-term anticoagulation.102 These examples 
illustrate how real-world practice will repeatedly confront 
high-stakes decisions in the absence of trial data. Ongoing ac-
cumulation of clinical experience and registry-based evidence 
will be essential to inform future guidance.

DISCUSSION

In the emergence of disease-modifying treatments, this re-
view focused on the major changes in the field of AD: diag-
nostic criteria, biomarkers for AD pathology, and potential 
scenarios for anti-amyloid monoclonal antibody treatments. 
Interpretation of biomarker results in combination with clin-
ical presentation became much more important regarding 
the various treatment options. Clinicians who care for patients 
with cognitive symptoms need to know the recent paradigm 
shift of AD diagnosis and treatment.

According to the revised 2024 criteria by AA, AD is not a 
clinical syndrome anymore, but a biologically defined dis-
ease.9 According to these criteria, asymptomatic individuals 
with biomarker positive are diagnosed to have AD. However, 
the psychological and ethical burden and the cost-benefit ra-
tio of the diagnosis imposed on them remain uncertain. 
Therefore, there are concerns, notably raised by IWG, that 
referring to the preclinical stage as a “diagnosis” is problem-
atic.31,103 Actually, the effect of anti-amyloid antibody treat-
ment, such as lecanemab and donanemab, on asymptomatic 
individuals is being investigated in clinical trials.6,95,104 Rou-
tine clinical use of biomarker for AD diagnosis is not recom-
mended until the results of these trials have been fully ana-
lyzed and the performance of the biomarkers is guaranteed. 

CSF biomarkers are the gold standard surrogate for the di-
agnosis of AD. In real-world clinical practice in South Korea, 

CSF biomarkers remain the only way to evaluate the stage of 
AD via tau pathology, as tau PET is not yet available for rou-
tine clinical use (Table 7). Nevertheless, lumbar puncture is a 
relatively invasive, time-consuming, and requires a skillful 
physician supported by a well-trained assistant. Alternatively, 
BBMs are accumulating growing evidence to serve as a stand-
alone marker for the diagnosis of AD. With the recent approv-
al of the Lumipulse G p-tau217/Aβ42 plasma ratio by U.S. 
FDA (the first BBM to receive such authorization), multiple 
BBMs are expected to be implemented in routine clinical prac-
tice. However, BBM levels and performance can be affected by 
comorbidities such as cardiac disease and kidney function.81,105 
Moreover, the prevalence of amyloid pathology varies across 
races and ethnicities, which may influence predictive value.106 
Once these obstacles are addressed, BBMs can be adopted 
not only in dementia care setting but also in general health 
check-up examination in the future.

The introduction of anti-amyloid monoclonal antibodies, 
such as lecanemab and donanemab, into routine clinical prac-
tice highlights the increasing complexity of treatment deci-
sion-making in AD. Clinicians must now consider concomi-
tant use with conventional symptomatic drugs, potential drug–
drug interactions, and patient-specific contexts. While there 
is currently no clinical study evidence to support a contraindi-
cation, agents such as ginkgo biloba, selective serotonin reup-
take inhibitors, and antipsychotics may raise theoretical con-
cerns and require careful and sufficient monitoring. Beyond 
pharmacological considerations, ethical and clinical dilem-
mas remain regarding the use of lecanemab in asymptomatic 
individuals. Although the treatment paradigm may change 
based on the results of lecanemab and donanemab clinical 
trials in asymptomatic cognitively unimpaired individu-
als,6,95,104 the use of anti-amyloid monoclonal antibodies in 
this population is currently not recommended. Special popu-
lations, including adults with Down syndrome, seizure disor-
ders, or autoimmune diseases, may represent unique candi-
dates, yet require further evidence to guide safe implementation. 
These nuanced scenarios emphasize that while lecanemab 
offers a landmark treatment option, its integration into diverse 
real-world clinical settings demands careful balancing of effi-
cacy, safety, and patient-centered care. As maintenance regi-
mens by monthly dosing and subcutaneous injection rather 
than intravenous infusion are recently introduced,90 treatment 
options will be more available in future clinical settings.

In conclusion, the diagnosis of AD is now shifting from 
clinical symptom-oriented to biomarker-oriented, despite 
caution surrounding the use of biomarker alone. The emer-
gence of anti-amyloid monoclonal antibodies as a disease-
modifying treatment will facilitate the utilization of biomarker 
testing, especially BBMs, in the routine clinical settings. 
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Guideline for the special but common cases will be updated 
based on evidence-based observational studies, which clini-
cians should follow closely.
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